This letter summarizes numerical results from [1] which show that in quantum systems with chaotic classical dynamics, the number of scattering resonances near an energy scales like represents the effective number of degrees of freedom in chaotic scattering problems.
Introduction
Eigenvalues play a central role in the study of quantum bound states. In scattering, when the underlying classical system allows escape to infinity, resonances replace eigenvalues as fundamental quantities. One interpretation is that they correspond to metastable states. Physically, infinity models initial and final states in chemical reactions. The distribution of resonances in the case of chaotic scattering has been discussed in many places -see [2] for earlier work and [3] for recent references. In particular, we refer to [2] for a discussion of the physical motivation for this investigation.
Here, we present evidence that, in the case of hyperbolic classical dynamics, the density of quantum resonances is directly related to the dimension of the classical trapped set in the semiclassical limit. In the quantum setting, the density of states is important as it appears in semiclassical formulae for reaction rates [4] . In classical dynamics, and for hyperbolic flows with "large in-£ E-mail address: kkylin@math.berkeley.edu Ý E-mail address: zworski@math.berkeley.edu finities," it was noted long ago [5] that the flow can be reduced to a fractal trapped set, forming "chaotic dust" after all else escaped. Our quantitative link between the two can be considered a manifestation of quantum chaos.
As far as metastable states in the interaction region are concerned, the effective number of degrees of freedom is given by the dimension of the trapped set:
effective number of degrees of freedom for metastable states
More precisely, a classical result on the density of bound states (or resonances in strongly trapped regimes) says that the number AE ´ ¼ ½ µ of eigenvalues in ¼ ½ ℄ satisfies
where Ò denotes the number of degrees of freedom, À the classical Hamiltonian, and vol´¡µ phase space volume. This result is the Weyl law, and it has no known generalizations to resonances.
However, a conjecture based on the work of Sjöstrand [6] and Zworski [7] states that the number of resonances Remarks. The sets Ã and Ã are trapped sets and consist of initial conditions which generate trajectories that remain bounded for all time. The model considered in [1] has very few trapped trajectories, and Ã and Ã have vanishing Lebesgue measures. In fact, they are fractal. Also, in this paper, the term "chaotic" always means hyperbolic; see [8] , [6] . 
Generalizing the Weyl Law
where
For small ¼ , this becomes In [7] , a similar result for scattering on convex co-compact hyperbolic surfaces with no cusps was proved. Moving to a geometric setting was motivated by the availability of a large class of examples with hyperbolic flows, easily computable dimensions, and the hope that the Selberg trace formula could help obtain lower bounds. But, these hopes remain unfulfilled so far [9] , and that partly motivates this work.
Numerical Results
The resonance computation uses complex scaling (see [10] for the origins of the method, and [11] for recent mathematical treatments and references), which associates to À a family À « of "scaled" operator. Each À « can be discretized and its eigenvalues computed, as described in [1] . Those (3) is good. At the present time, the source of the noise is not known, but it is possibly due to the fact that the range of explored here is simply too large to exhibit the asymptotic behavior clearly. It is also possible that the trapping time does not vanish quadratically everywhere on the trapped set, which would produce variations in the scaling law.
Discussion
Aside from verifying the conjecture, the data also hints at more detailed structures in the distribution of resonances: In Figures 2 and 3 , one can clearly see gaps and strips in the distribution of resonances. While we do not have rigorous error bounds for the dimension estimates, the numerical results are convincing.
